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7KH SUHGRPLQDQFH RI UHODWLYH UHVRXUFH
VSHFLDOL]DWLRQ DPRQJ SODQWIHHGLQJ LQVHFWV KDV
SURPSWHG DQ LQWHQVH LQWHUHVW LQ WKH SURFHVVHV DQG
FLUFXPVWDQFHV WKDW FDQ DFW WR OLPLW WKH UDQJH RI
SODQWV XVHG DV KRVWV $ QXPEHU RI SRVVLEOH IDFWRUV
KDYH EHHQ VXJJHVWHG LQFOXGLQJ WUDGHRIIV LQ
IHHGLQJ HIILFLHQF\ -RVKL DQG 7KRPSVRQ 
7UD[OHU DQG -RHUQ  $JUDZDO 
SUHGDWLRQ %HUQD\V DQG *UDKDP  DQG
QHXUDO FRQVWUDLQWV RQ RYLSRVLWLRQ EHKDYLRU
%HUQD\VDQG:FLVOR %HUQD\V
(YHQ WKRXJK KRVW VSHFLDOL]DWLRQ LV D JHQHUDO UXOH
DPRQJ SODQWIHHGLQJ LQVHFWV )XWX\PD DQG
0RUHQR  7KRPSVRQ  WKH UXOH LV QRW
ZLWKRXW H[FHSWLRQV HYHQ DPRQJ RWKHUZLVH KLJKO\
VSHFLDOL]HG JURXSV RI LQVHFWV VXFK DV WKH
EXWWHUIOLHV 1\OLQ DQG -DQ]  -DQ] HW DO
 7KHVH H[FHSWLRQV FDQ EH HYROXWLRQDULO\
LPSRUWDQW DV WKHUH DUH QRZ LQGLFDWLRQV WKDW KRVW
H[SDQVLRQV PD\ KDYH SOD\HG DQ LPSRUWDQW UROH LQ
WKH LPSUHVVLYH GLYHUVLILFDWLRQ RI SODQWIHHGLQJ
LQVHFWV -DQ] HW DO   :HLQJDUWQHU HW DO
 ,W ZRXOG VHHP WKHQ WKDW WKHUH LV D QHHG WR
XQGHUVWDQG QRW RQO\ WKH UXOH EXW DOVR LWV
H[FHSWLRQV 8QIRUWXQDWHO\ RXU XQGHUVWDQGLQJ RI
WKH PHFKDQLVPV EHKLQG KRVW H[SDQVLRQ LV SRRU
%HUQD\V DQG 0LQNHQEHUJ  VXJJHVWHG WZR
PDMRU UHDVRQV IRU EHLQJ D JHQHUDOLVW GLHW PL[LQJ
DQG JUHDWHU UHVRXUFH DYDLODELOLW\ :KLOH WKH
SRVVLELOLW\ RI REWDLQLQJ D PRUH EDODQFHG PL[ RI
QXWULHQWV PD\ EH LPSRUWDQW IRU LQVHFWV ZLWK
EURZVLQJ OLIHVW\OHV PDQ\ LQVHFWV DUH SDUDVLWLF RQ
WKHLU KRVWV PHDQLQJ WKDW HYHQ LI WKH\ KDYH WKH
FDSDFLW\ WR IHHG RQ PXOWLSOH KRVWV HDFK LQGLYLGXDO
ODUYD ZLOO RQO\ H[SHULHQFH RQH KRVW VSHFLHV DQG
RIWHQ LQGLYLGXDO GXULQJ LWV OLIH FI 3ULFH 
7KRPSVRQ  )RU VXFK SDUDVLWLF LQVHFWV GLHW
PL[LQJ LV QRW HFRORJLFDOO\ UHDOLVWLF DQG DOVR
DSSHDUV WR KDYH OLWWOH SRVLWLYH LQIOXHQFH RQ ODUYDO
JURZWK DQG VXUYLYDO %HUQD\V DQG 0LQNHQEHUJ
 7KLV SURPSWHG %HUQD\V DQG 0LQNHQEHUJ WR
VXJJHVW WKDW IRU WKHVH LQVHFWV WKH PRUH XQLYHUVDO
DGYDQWDJH RI JUHDWHU UHVRXUFH DYDLODELOLW\ DQG
YHUVDWLOLW\VKRXOGEHPRUHLPSRUWDQW
7KLV VKLIWV WKH SHUVSHFWLYH IURP WKH ODUYD WRZDUGV
WKH IHPDOH DV WKH DGYDQWDJH RI LQFUHDVHG UHVRXUFH
DYDLODELOLW\ LV PDLQO\ FDSLWDOL]HG RQ GXULQJ WKH
VHDUFK IRU RYLSRVLWLRQ VLWHV 7KHUH LV QRZ JRRG
VXSSRUW IRU WKH YLHZ RI RYLSRVLWLRQ EHKDYLRU DV D
SULPH GHWHUPLQHU RI KRVW SODQW UDQJH HJ
6LHPHQV HW DO  5HVHWDULWV  -DQ] DQG
1\OLQ  7KRPSVRQ  .XXVVDDUL HW DO
 1\OLQ HW DO  -DQ]  +RZHYHU
WKH HIIHFW RI LQFRUSRUDWLQJ DGGLWLRQDO KRVWV LV QRW
QHFHVVDULO\ SRVLWLYH )LUVW LI WKH DGGLWLRQDO KRVW LV
QRW RI HTXDO YDOXH RYLSRVLWLQJ RQ LW ZRXOG
W\SLFDOO\ UHVXOW LQ ORZHU RIIVSULQJ ILWQHVV
0RUHRYHU DV HDFK QHZ SODQW UHTXLUHV D QHZ VHW RI
DELOLWLHV IRU VHDUFKLQJ DQG HYDOXDWLRQ PXOWLSOH
KRVW XVH UHVXOWV LQ UHGXFHG DFFXUDF\ RU LQFUHDVHG
GHFLVLRQ WLPH GXULQJ RYLSRVLWLRQ -DQ] DQG 1\OLQ
 %HUQD\V  %HUQD\V DQG )XQN 
1\OLQ HW DO  -DQ] E +HQFH LI WKH QHW
HIIHFW RI DGGLQJ DGGLWLRQDO WDUJHWV IRU RYLSRVLWLRQ
LV WR EH SRVLWLYH WKH LQFUHDVHG HQFRXQWHU UDWHV
QHHG WR EDODQFH RXW QRW RQO\ WKH SRWHQWLDOO\ ORZHU
ODUYDO SHUIRUPDQFH RQ WKHVH DGGLWLRQDO SODQWV EXW
DOVR WKH HIIHFWV RI UHGXFHG DFFXUDF\ DQG GHFLVLRQ
WLPH :KLOH LW LV FOHDU WKDW SODQW DYDLODELOLW\ GRHV
DIIHFW KRVW DQG SDWFK SUHIHUHQFH RQ ODUJHU VSDWLDO
VFDOHV 7KRPDV DQG 6LQJHU  .XXVVDDUL HW DO
 +DQVNL DQG 6LQJHU  -DQ] HW DO 
GLUHFW HYLGHQFH IRU WKH DGYDQWDJH RI LQFRUSRUDWLQJ
D KRVW LQWR WKH UHSHUWRLUH LV VWLOO ODFNLQJ
&RQVLGHULQJ WKH LPSRUWDQW UROH WKDW KRVW
H[SDQVLRQV PD\ SOD\ LQ WKH GLYHUVLILFDWLRQ RI
SODQWIHHGLQJ LQVHFWV -DQ] HW DO  WKLV ODFN
RINQRZOHGJHLVWURXEOHVRPH
7KLV VWXG\ LQYHVWLJDWHV WKLV PRVW EDVLF RI SRVVLEOH
DGYDQWDJHV RI D KRVW UDQJH H[SDQVLRQ WKH EHQHILW
RI LQFUHDVHG DYDLODELOLW\ RI RYLSRVLWLRQ WDUJHWV
%HUQD\V DQG 0LQNHQEHUJ  7KH SUREOHP
ZLWK KRVW H[SDQVLRQ LV WKDW WKH DGGHG KRVW PD\
QRW EH RI HTXDO YDOXH LQ ZKLFK FDVH WKH DGGLWLRQDO
RYLSRVLWLRQ WDUJHWV ZRXOG UHVXOW LQ ORZHU RIIVSULQJ
ILWQHVV 7KH IXQGDPHQWDO K\SRWKHVLV LV WKDW
DGGLQJ RYLSRVLWLRQ WDUJHWV HYHQ ZKHQ WKH\ DUH RI
ORZHU TXDOLW\ ZLOO EH EHQHILFLDO LQ WHUPV RI
LQFUHDVHG HJJ RXWSXW DQG UHDOL]HG IHFXQGLW\
+RZHYHU WHVWLQJ WKLV LV QRW DV VWUDLJKWIRUZDUG DV
LW PD\ VHHP $ VSHFLDOLVW FRXOG SUHVXPDEO\
FRPSHQVDWH IRU WKH VPDOOHU QXPEHU RI RYLSRVLWLRQ
WDUJHWV E\ DQ LQFUHDVHG HIILFLHQF\ LQ ILQGLQJ WKHLU
VLQJOH KRVW SODQW HJ EHFDXVH WKH\ KDYH EHHQ DEOH
WR GHYHORS PRUH DFFXUDWH VHDUFKLQJ EHKDYLRUV
&RQVHTXHQWO\ LW FDQ EH KDUG WR GHPRQVWUDWH VXFK
D EHQHILW E\ FRPSDULQJ D JHQHUDOLVW ZLWK D
VSHFLDOLVW VSHFLHV 7KH TXHVWLRQ PXVW EH DVNHG
DQG WHVWHG E\ ORRNLQJ DW D JLYHQ VSHFLHV ZLWK LWV
FXUUHQW VHDUFK DELOLWLHV DQG DVN ZKDW HIIHFW WKH
LQFOXVLRQ RI DGGLWLRQDO KRVW VSHFLHV RI ORZHU
TXDOLW\ KDV 7KLV H[FOXGHV WUXH VSHFLDOLVWV DV WKH\
ZRXOG QRW UHFRJQL]H DQ\ RWKHU SODQWV DV
RYLSRVLWLRQ WDUJHWV 7KH DGYDQWDJH RI DGGLQJ
DGGLWLRQDO WDUJHWV IRU RYLSRVLWLRQ VKRXOG DOVR EH
PRVWSURQRXQFHGLQVSHFLHVWKDWDUHWLPH OLPLWHG
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ZKHQ HLWKHU WKH IDYRUHG KRVW LV UDUH WKH IHPDOH
KDV D VKRUW SUHGLFWHG OLIH VSDQ RU LQ HQYLURQPHQWV
ZLWK D VKRUW ZLQGRZ RI WLPH IRU RYLSRVLWLRQ ,Q
VXFK VLWXDWLRQV IHPDOHV ZLOO KDYH GLIILFXOWLHV
OD\LQJ WKHLU IXOO ORDG RI HJJV DQG WKHUH ZLOO EH D
VHOHFWLYH DGYDQWDJH RI DGGLQJ DGGLWLRQDO WDUJHWV
IRU RYLSRVLWLRQ DV LW ZRXOG LQFUHDVH WKH FKDQFHV RI
ILQGLQJ VXIILFLHQW DPRXQWV RI DFFHSWDEOH ODUYDO
KRVWV GXULQJ D IHPDOH¶V OLIH 7KLV DOVR FDOOV IRU DQ
H[SHULPHQWDO DUHQD WKDW FDQ SUHVHQW D PRUH
FKDOOHQJLQJ VHDUFK VLWXDWLRQ IRU WKH RYLSRVLWLQJ
IHPDOH VRPHWKLQJ WKDW DQ RYLSRVLWLRQ WULDO LQ
VPDOO ODE FDJHV GRHV QRW GR DV WKH DFWXDO VHDUFK
SKDVHLVWRDODUJHH[WHQWH[FOXGHG
7R WKLV HQG IHPDOHV RI WKH SRO\SKDJRXV EXWWHUIO\
Polygonia c-album / 1\PSKDOLGDH ZHUH XVHG
7KH\ DUH FDSDEOH RI XVLQJ D UDQJH RI KRVWV LQ
DGGLWLRQ WR WKH SUHIHUUHG SODQWV LQ 8UWLFDOHV EXW
ZKHUH WKH ZLOOLQJQHVV WR GR VR YDULHV JUHDWO\
EHWZHHQ SRSXODWLRQV 1\OLQ  -DQ] DQG 1\OLQ
 -DQ]  1\OLQ HW DO  1\OLQ HW DO
 %RWK VLPXOWDQHRXV FKRLFH WULDOV LQ VPDOO
ODE FDJHV DQG H[SHULPHQWV LQ ODUJH RXWGRRU DUHQDV
ZHUH XVHG WR EH DEOH WR WHVW WKH HIIHFW RI VFDOH DQG
VHDUFK FRPSOH[LW\ 7KH H[SHULPHQWV ZHUH
GHVLJQHG WR PLPLF WKH QDWXUDO VLWXDWLRQ ZKHQ DQ
DGGLWLRQDO KRVW VSHFLHV FRQWULEXWHV WR LQFUHDVHG
QXPEHUV RI RYLSRVLWLRQ WDUJHWV EXW ZKHUH WKHVH
ZLOO EH RI ORZHU YDOXH 7KH WZR PDLQ SUHGLFWLRQV
ZHUH ILUVW WKDW DGGLQJ DQ DOWHUQDWLYH KRVW RI
ORZHU TXDOLW\ DQG E\ WKLV LQFUHDVLQJ WKH QXPEHU
RI RYLSRVLWLRQ WDUJHWV UHVXOWV LQ DQ LQFUHDVHG HJJ
RXWSXW LQ D VLWXDWLRQ ZKHQ KRVW SODQWV DUH GLIILFXOW
WR ILQG 6HFRQG WKDW IHPDOHV FRQILQHG WR D VPDOO
FDJH ZKHUH ILQGLQJ KRVWV LV QRW DQ LVVXH VKRXOG
QRW VKRZ D FRUUHVSRQGLQJ LQFUHDVH LQ HJJ RXWSXW
ZKHQ DQ DGGLWLRQDO RYLSRVLWLRQ WDUJHW RI ORZHU
TXDOLW\ LV SURYLGHG )LQDOO\ D EDVLF DVVXPSWLRQ RI
WKH H[SHULPHQWDO GHVLJQ ZDV DOVR WHVWHG WKDW DQ
RYLSRVLWLQJ IHPDOH ZLOO QRW DGMXVW KHU SUHIHUHQFH
ZKHQ FRQVSHFLILF HJJV DUH DOUHDG\ SUHVHQW RQ WKH
SODQW
Materials and Methods
Study species
7KLV VWXG\ ZDV FRQGXFWHG RQ WKH SDOHDUFWLF
EXWWHUIO\ Polygonia c-album D PHPEHU RI WKH
WULEH 1\PSKDOLQL 1\PSKDOLGDH ,WV PDLQ KDELWDW
LV RSHQ ZRRGODQG DQG ZRRG HGJHV (YHQ LI WKLV
DGXOWRYHUZLQWHULQJ EXWWHUIO\ LV UREXVW DQG
FDSDEOH RI VXUYLYLQJ ORQJ SHULRGV LQ WKH DGXOW
VWDJH WKH DYDLODEOH WLPH IRU RYLSRVLWLRQ LQ VSULQJ
FDQ EH VKRUW HVSHFLDOO\ LQ WKH QRUWKHUQ SDUWV RI LWV
GLVWULEXWLRQ ZKHUH VSULQJ ZHDWKHU FDQ EHFROG
DQG XQSUHGLFWDEOH )HPDOHV QRUPDOO\ OD\ WKHLU
HJJV VLQJO\ RU LQ VPDOO ³FOXWFKHV´ RI WZR WR ILYH
HJJV %HUJVWU|P HW DO  EXW KDYH D FDSDFLW\
WR OD\ VHYHUDO KXQGUHGV RI HJJV GXULQJ WKHLU
OLIHWLPH 7KH\ DUH WKHUHIRUH PRUH OLNHO\ WR EH
WLPH OLPLWHG WKDQ HJJ OLPLWHG 7KH IDYRUHG KRVWV
DUH Urtica dioica VWLQJLQJ QHWWOH Humulus
lupulus FRPPRQ KRSV DQG Ulmus glabra
:\FK HOP 1\OLQ  -DQ] HW DO 
)XUWKHU GRZQ LQ WKH SUHIHUHQFH KLHUDUFK\ DUH IRU
H[DPSOH Salix sppZLOORZ Ribes spp.FXUUHQW
DQG Betula pubescens GRZQ\ ELUFK 7KLV
SUHIHUHQFH KLHUDUFK\ FRUUHODWHV ZHOO ZLWK
RIIVSULQJ SHUIRUPDQFH RQ WKH SRSXODWLRQ OHYHO
-DQ] HW DO  7KH ODUYDH FDQ LQLWLDWH DQG
FRPSOHWH GHYHORSPHQW RQ DOO RI WKHVH KRVWV DQG
WKH GLIIHUHQW SRSXODWLRQV VHHP WR KDYH VLPLODU
SUHIHUHQFH KLHUDUFKLHV EXW GLIIHU JUHDWO\ LQ
VSHFLILFLW\ 1\OLQ  -DQ]  -DQ] D
1\OLQ HW DO  6RPH SRSXODWLRQV RI P.
C-album XVH RQO\ U. dioica DV KRVWV DQG RWKHUV
VXFK DV WKH RQH XVHG LQ WKH SUHVHQW VWXG\ XVH DOO
SODQWV LQ WKH KLHUDUFK\ )LWQHVV FRQVHTXHQFHV RI
WKH KRVWV XVHG LQ WKLV VWXG\ DUH UHODWLYHO\ ZHOO
NQRZQ WKURXJK D VHULHV RI VWXGLHV DLPHG WR
VSHFLILFDOO\ GLVHQWDQJOH WKH SUHIHUHQFH
SHUIRUPDQFH UHODWLRQVKLS :KLOH DGXOW ZHLJKW FDQ
EH KLJKHU RQ Salix DOO RWKHU ILWQHVV FRPSRQHQWV
DUH KLJKHU RQ Urtica; Urtica-UHDUHG LQGLYLGXDOV
KDYH D KLJKHU JURZWK UDWH D VKRUWHU GHYHORSPHQW
WLPH D KLJKHU VXUYLYDO PRUH SURWHLQ LQ WKH
VSHUPDWRSKRUHV DQG DUH PRUH SURQH WR GLUHFW
GHYHORSPHQW -DQ] HW DO  1\OLQ HW DO 
:HGHOO et al.  :H KDYH IRXQG WKDW ODUYDO
JURZWK UDWH LV WKH SHUIRUPDQFH FRPSRQHQW WKDW
EHVW VXPPDUL]HV RIIVSULQJ ILWQHVV LQ WKLV V\VWHP
DQG VKRZV WKH EHVW FRUUHODWLRQ ZLWK IHPDOH
SUHIHUHQFH-DQ]HWDO 1\OLQHWDO
Larval rearings
([SHULPHQWDO LQGLYLGXDOV RULJLQDWHG IURP HJJV
RYLSRVLWHG E\ EXWWHUIOLHV WKDW ZHUH ZLOGFDXJKW LQ
0D\ ± LQ WKH 6WRFNKROP DUHD 7KH
ODUYDH ZHUH UHDUHG WZR E\ WZR LQ VPDOO SODVWLF
FRQWDLQHUV RQ U. dioica LQ HQYLURQPHQWDO
FKDPEHUV )LUVW WKH\ ZHUH UHDUHG LQ & DQG D
 /' OLJKW UHJLPH DQG DIWHU PROWLQJ WR WKH
WKLUG ODUYDO LQVWDU WKH\ ZHUH WUDQVIHUUHG WR DQ
HQYLURQPHQW ZLWK & DQG D  /' OLJKW
UHJLPH D SURFHVV NQRZQ WR LQGXFH GLUHFW
GHYHORSPHQW 1\OLQ  $IWHU HFORVLRQ DOO
EXWWHUIOLHV ZHUH SODFHG LQ PDWLQJ FDJHV
DSSUR[LPDWHO\  [  [  P 7KH\ ZHUH SURYLGHG
ZLWK QHFWDU SODQWV DQG VSRQJHV ZLWK D VROXWLRQ RI
VXFURVH DQG ZDWHU DQG ZHUH PRQLWRUHG IRU
PDWLQJ
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Small cage experiments
7KHVH WULDOV ZHUH FRQGXFWHG RQ VHFRQGJHQHUDWLRQ
EXWWHUIOLHV GXULQJ WKH \HDUV  DQG  1DLYH
PDWHG IHPDOHV ZHUH WUDQVIHUUHG WR VPDOOHU
RYLSRVLWLRQ FDJHV  [  [  P LQ D
ODERUDWRU\ RI 6WRFNKROP 8QLYHUVLW\ ZKHUH WKH
KRVW SODQW FKRLFH H[SHULPHQW ZDV FRQGXFWHG 7KH
FDJHV ZRRGHQ IUDPH ZLWK VLGHV DQG UHDU FRYHUHG
ZLWK FORWK ZHUH LOOXPLQDWHG EHWZHHQ  DQG
 E\ : OLJKW EXOEV KDQJLQJ DSSUR[LPDWHO\
 FP DERYH WKH WUDQVSDUHQW FDJH URRI 7KH OLJKW
EXOEV DOVR SURYLGHG DQ DGGLWLRQDO VRXUFH RI KHDW
7KH IORRU ZDV FRYHUHG ZLWK PRLVW SDSHU DQG WKH
IHPDOHVZHUHVXSSOLHGZLWKGLOXWHGVXFURVH
Egg assessment preference trial
7KLV H[SHULPHQW ZDV SHUIRUPHG WR DVVXUH WKDW WKH
IHPDOHV¶ ZLOOLQJQHVV WR RYLSRVLW RQ D SODQW ZDV QRW
DIIHFWHG E\ SULRU HJJV RQ WKH SODQW %ODDNPHHU HW
DO  $QEXWVX DQG 7RJDVKL  7KLV ZRXOG
LQWHUIHUH ZLWK H[SHULPHQWDO GHVLJQ LQ WKDW LW ZRXOG
FDXVH WKH IHPDOH WR VSUHDG KHU HJJV EHWZHHQ WKH
SODQWV PRUH WKDQ VKH ZRXOG LQ D QDWXUDO VLWXDWLRQ
 PDWHG QDLYH IHPDOHV ZHUH SUHVHQWHG
LQGLYLGXDOO\ ZLWK D VLPXOWDQHRXV FKRLFH RI WZR
VWDONV RI VWLQJLQJ QHWWOH U. dioica VWDQGLQJ LQ
ZDWHU 7KH VWDONV ZHUH VLPLODU LQ DOO UHVSHFWV
H[FHSW IRU WKH SUHVHQFH RI  FRQVSHFLILF HJJV RQ
RQH RI WKH VWDONV )HPDOHV ZHUH DOORZHG WR
RYLSRVLW GXULQJ RQH GD\ EHWZHHQ  DQG 
DQG SODQW VWDONV ZHUH H[FKDQJHG IRU QHZ RQHV
HYHU\ VHFRQG KRXU GXULQJ WKLV WLPH WR NHHS WKH
GLIIHUHQW WUHDWPHQWV DV FRQVWDQW DV SRVVLEOH DFURVV
WKH OHQJWK RI WKH H[SHULPHQW 7KH GLIIHUHQFH LQ
WRWDO QXPEHU RI HJJV ZDV DQDO\]HG ZLWK WKH
:LOFR[RQPDWFKHGSDLUVLJQHGUDQNWHVW
Oviposition targets preference trial
7KLV H[SHULPHQW ZDV GHVLJQHG WR LQYHVWLJDWH LI WKH
IHPDOHV ZRXOG EHQHILW IURP KDYLQJ PRUH WKDQ RQH
KRVW VSHFLHV LQ WKH FDJH VR WKDW WKH\ ZHUH DEOH WR
OD\ PRUH HJJV  IHPDOHV ZHUH IORZQ LQGLYLGXDOO\
LQ WKHVH FDJHV IRU WKH RYLSRVLWLRQ WULDOV 7ZR
GLIIHUHQW WUHDWPHQWV ZHUH XVHG HDFK ODVWLQJ IRU
WZR GD\V 2QH WUHDWPHQW ZLWK RQO\ RQH VWDON RI U.
dioica RQHKRVW WUHDWPHQW DQG WKH RWKHU
WUHDWPHQW ZLWK WZR VWDONV RQH HDFK RI VWLQJLQJ
QHWWOH DQG JRDW ZLOORZ Salix caprea WZRKRVW
WUHDWPHQW 7KH VWDONV ZHUH FXW WR WKH VDPH VL]H
DQG NHSW LQ ERWWOHV RI ZDWHU DQG WKH\ ZHUH
H[FKDQJHG XSRQ VLJQV RI VHQHVFHQFH $OO IHPDOHV
ZHUH JLYHQ ERWK WUHDWPHQWV DQG HYHU\ VHFRQG
IHPDOH VWDUWHG ZLWK WKH WZRKRVW WUHDWPHQW DQG
WKH UHVW VWDUWHG ZLWK WKH RQHKRVW WUHDWPHQW (JJV
ZHUH UHPRYHG IURP WKH SODQWV DQG FRXQWHG DIWHU
HDFK GD\ 7KH SODQWV ZHUH SUHVHQWHG WR WKH
EXWWHUIOLHV DW HTXDO GLVWDQFH IURP WKH FHQWUDO OLJKW
DQG IRRG VRXUFHV 'DWD ZHUH DQDO\]HG ZLWK D
SDLUHG WWHVW DQG ZHUH ORJWUDQVIRUPHG WR VDWLVI\
WKHDVVXPSWLRQVRIWKHWHVW
Large cage experiment
7KLV H[SHULPHQW ZDV FDUULHG RXW DW WKH 7RYHWRUS
UHVHDUFK VWDWLRQ  NP VRXWK ZHVW RI 6WRFNKROP
GXULQJ -XO\  DQG  7KHUH ZHUH WZR ODUJH
FDJHV RI REORQJ VKDSH ZLWK KDOIFLUFOH VKDSHG
FURVVVHFWLRQV 7KH FDJHV KDG DQ HDVWZHVWHUO\
RULHQWDWLRQ DQG ZHUH ORFDWHG LQ DQ RSHQ SDVWXUH
7KH\ ZHUH FRYHUHG ZLWK ILQHPHVKHG QHW WKDW
UHGXFH VRODU UDGLDWLRQ E\ DSSUR[LPDWHO\   7KH
ERWWRP RI WKH FDJHV FRQVLVWHG RI QDWXUDO JUDVVODQG
YHJHWDWLRQ FXW WR DERXW  ± P (DFK FDJH
ZDV GLYLGHG LQWR WKUHH HTXDOO\ VL]HG
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH Figure 21XPEHURIHJJVRYLSRVLWHGLQWKHVPDOOFDJHWULDOE\LQGLYLGXDOIHPDOHVRI P. c-album8  Urtica dioica
SULPDU\KRVW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VHFRQGDU\KRVW7UHDWPHQWVDUHPDUNHGE\8 RQHKRVWU. dioica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WZRKRVWVU. dioica  S. caprea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HTXDOQXPEHURIHJJVWRWDOO\LQERWKWUHDWPHQWVDQGDVDFRQVHTXHQFHWKHQXPEHURIHJJVODLGRQWKHSULPDU\KRVW
GHFUHDVHGZKHQDVHFRQGDU\KRVWZDVSUHVHQW0HDQV6(
FRPSDUWPHQWV E\ ZDOOV RI LQVHFW QHW HDFK
FRPSDUWPHQW ZDV : [ / [ +  [  [  P LQ VL]H
7KH KRVW SODQWV ZHUH SODFHG LQ ERWWOHV RI ZDWHU
DQG WKHUH ZDV DOVR D FRPPHUFLDO EXWWHUIO\ IHHGHU
³)OXWWHUE\´ IURP 1DWXUH 3URGXFWV ZLWK DUWLILFLDO
QHFWDU LQ HDFK FRPSDUWPHQW 7KH FRPSDUWPHQWV
ZHUH DOVR HTXLSSHG ZLWK WZLJV RI QRQKRVW SODQWV
WR FUHDWH D PRUH FKDOOHQJLQJ HQYLURQPHQW DQG
VWHPVRIDGGLWLRQDOQHFWDUSODQWVSODFHGLQERWWOHV
(DFK IHPDOH ZDV JLYHQ RQH RI WZR WUHDWPHQWV
HLWKHU RQH GLVSOD\ HDFK RI U. dioica DQG S. caprea
FXW WR WKH VDPH VL]H RU ZLWK MXVW RQH GLVSOD\ RI U.
dioica 7KH SODQWV ZHUH SRVLWLRQHG UDQGRPO\ LQ
WKH FDJH ZLWK DW OHDVW RQH PHWHU WR WKH FDJH QHW
DQG LQ WKH WZRKRVW WUHDWPHQW DW OHDVW WZR
PHWHUV EHWZHHQ WKH SODQWV )HPDOHV ZHUH UHOHDVHG
LQ SDLUV RQH IHPDOH LQ HDFK SDLU LQ HDFK
WUHDWPHQW WR FRQWURO IRU HIIHFWV RI ZHDWKHU 7KH
SDLUV FRQVLVWHG RI WKH FRUUHVSRQGLQJ
FRPSDUWPHQWV LQ WKH WZR FDJHV FRPSDUWPHQW D E
RU F )LJ  7ULDOV ODVWHG IRU RQH GD\  $0 WR
 30 DQG WUHDWPHQWV ZHUH VKLIWHG DIWHU HDFK
WULDO WR FRQWURO IRU FDJH HIIHFWV $V ZH KDG QR SULRU
NQRZOHGJH RI KRZ ZHOO WKH IHPDOH FRXOG
UHPHPEHU WKH SRVLWLRQ RI D IRXQG KRVW SODQW WKH
GDWD ZHUH DQDO\]HG LQ WZR ZD\V )LUVW DVVXPLQJ
WKDW KHU VSDWLDO PHPRU\ DOORZV KHU WR UHWXUQ WR D
KRVW SODQW RQFH LW LV IRXQG ZH DQDO\]HG WKH GDWD
ZLWK WKH VLJQ WHVW ZLWKRXW WDNLQJ WKH QXPEHU RI
HJJV ODLG LQWR DFFRXQW +HQFH KHUH ZH RQO\
PHDVXUHG ZKHWKHU D IHPDOH IRXQG D SODQW WR
RYLSRVLW RQ RU QRW GXULQJ WKH WLPH RI WKH WULDO
6HFRQG DVVXPLQJ WKDW VKH FDQQRW UHPHPEHU WKH
SRVLWLRQ RI D IRXQG KRVW SODQW ZH DQDO\]HG WKH
GDWD ZLWK WKH :LOFR[RQ PDWFKHGSDLU VLJQHGUDQN
WHVW +HUH WKH WRWDO QXPEHU RI HJJV ODLG LQ WKH WZR
WUHDWPHQWV ZDV XVHG DV D PHDVXUH RI KRZ RIWHQ D
SODQW ZDV IRXQG WR RYLSRVLW RQ ,I QRQH RI WKH
IHPDOHV LQ D FRPSDULVRQ ODLG DQ\ HJJV WKH GDWD
ZHUHH[FOXGHGIURPWKHDQDO\VLV
Results
Small cage experiments
Egg assessment preference trial
7KHUH ZDV QR HIIHFW RI SUHYLRXV FRQVSHFLILF HJJV
RQ D SODQW 7KH IHPDOHV ODLG DQ HTXDO QXPEHU RI
HJJV RQ WKH VWDONV ZLWK HJJV DV RQ WKH VWDONV
ZLWKRXW HJJV :LOFR[RQ VLJQHGUDQN
PDWFKHGSDLUV WHVW 1    ]   ï S   
+HQFH WKH DVVXPSWLRQ LQ WKH IROORZLQJ WULDOV WKDW
D SODQW ZLOO QRW EH OHVV SUHIHUUHG ZKHQ HJJV DUH
SUHVHQWDSSHDUHGWREHMXVWLILHG
Oviposition targets preference trial
$V SUHGLFWHG WKH DGGLWLRQ RI D ORZHU TXDOLW\ KRVW
VSHFLHV GLG QRW UHVXOW LQ DQ LQFUHDVHG HJJ
GHSRVLWLRQ LQ WKH VPDOO FDJHV )LJXUH  7KH\ ODLG
DQ DYHUDJH RI  HJJVGD\ LQ WKH RQHKRVW
WUHDWPHQW DQG  HJJVGD\ LQ WKH WZRKRVW
WUHDWPHQW SDLUHG WWHVW 1    W   ï S  

-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH Figure 37RWDOQXPEHURIHJJVODLGE\LQGLYLGXDOIHPDOHVRI P. c-album LQWKHWZRWUHDWPHQWVLQDSDLUHGGHVLJQ
8QILOOHGEDUVGHQRWHRQHKRVWWUHDWPHQWRQHVWDONRISULPDU\KRVWRQO\U. dioicaDQGILOOHGEDUVGHQRWHWZRKRVW
WUHDWPHQWRQHVWDONRISULPDU\KRVWU. dioicaDQGRQHVWDONRIVHFRQGDU\KRVWS. caprea(DFKWULDOFRQVLVWHGRI
WZRIHPDOHVZKRZHUHIORZQVLPXOWDQHRXVO\LQRQHRIWZRDGMDFHQWDUHQDVGLIIHULQJRQO\LQWUHDWPHQW
6LQFH WKH WRWDO QXPEHU RII HJJV GLG QRW GLIIHU
EHWZHHQ WUHDWPHQWV DQG DV IHPDOHV RYLSRVLWHG RQ
ERWK KRVWV ZKHQ DYDLODEOH WKH\ PXVW KDYH VSUHDG
WKHLU HJJV DFURVV WKH KRVWV LQ WKH WZRKRVW
WUHDWPHQW HYHQ WKRXJK WKH EHWWHU KRVW ZDV DOZD\V
SUHVHQW DQG DYDLODEOH ,QGHHG ZKHQ WKH\ KDG
DFFHVV WR ERWK U. dioica DQG S. caprea, WKH
IHPDOHV DSSHDUHG WR OD\ IHZHU HJJV RQ U. dioica
WKDQ ZKHQ WKH\ RQO\ KDG U. dioica LQ WKH FDJH
)LJXUH  :KLOH D IHPDOH ODLG DQ DYHUDJH RI 
HJJVGD\ LQ WKH RQHKRVW WUHDWPHQW ZKHUH RQO\
U. dioica ZDV DYDLODEOH WKH\ ODLG  HJJVGD\V
RQ U. dioica LQ WKH WZRKRVW WUHDWPHQW SDLUHG
WWHVW1 W S 
Large cage experiment
,Q FRQWUDVW WR WKH VPDOO FDJH WULDO WKH IHPDOHV LQ
WKH ODUJH H[SHULPHQWDO DUHQD GLG KDYH D KLJKHU
WRWDO HJJ RXWSXW DQG WKH\ DOVR IRXQG D KRVW PRUH
RIWHQ ZKHQ WKH\ KDG PRUH WKDQ RQH KRVW SODQW
VSHFLHV LQ WKH FDJH )LJXUH  $VVXPLQJ WKDW D
IHPDOH¶V VSDWLDO PHPRU\ GRHV QRW DOORZ KHU WR
UHORFDWH D SUHYLRXVO\ IRXQG KRVW WKH WRWDO QXPEHU
RI HJJV ODLG GXULQJ WKH WULDO VKRXOG EH D JRRG
PHDVXUH RI VHDUFK VXFFHVV 8QGHU WKLV
DVVXPSWLRQ WKHUH ZDV D VLJQLILFDQWO\ KLJKHU
QXPEHU RI HJJV ODLG LQ WKH WZRKRVW WUHDWPHQW
:LOFR[RQ PDWFKHGSDLUV VLJQHG UDQNV WHVW 1  
 ]    S    ,Q  RI  FRPSDULVRQV
WKH IHPDOHV ODLG PRUH HJJV WKHQ ZKHQ WKH\ KDG
WZR LQVWHDG RI RQH KRVW SODQW LQ WKH FDJH ,I
LQVWHDGLWLVDVVXPHGWKDW IHPDOHV ZLOOEHDEOHWR
UHORFDWH D SUHYLRXVO\ IRXQG KRVW E\ UHPHPEHULQJ
LWV SRVLWLRQ WKH QXPEHU RI WLPHV ZKHUH WKH IHPDOH
ZDV DEOH WR ILQG D KRVW DQG RYLSRVLW DW DOO GXULQJ
WKH WULDO FDQ EH PHDVXUHG 8QGHU WKLV DVVXPSWLRQ
WKH GLIIHUHQFH EHWZHHQ WUHDWPHQWV ZDV HYHQ
VWURQJHU ,Q  RI  FDVHV WKH IHPDOHV LQ WKH
WZRKRVW WUHDWPHQW IRXQG DQG ODLG HJJV RQ D KRVW
FRPSDUHG ZLWK WKH RQHKRVW WUHDWPHQW ZKHUH 
RXW RI  IHPDOHV IRXQG WKH KRVW DQG ODLG HJJV
6LJQWHVW1 S 
7RWDO HJJ RXWSXW ZDV KLJKHU LQ WKH VPDOO FDJHV DQ
DYHUDJH RI  HJJVGD\ WKDQ LQ WKH ODUJH FDJHV
ZKHUH WKH\ ODLG DQ DYHUDJH RI  HJJVGD\
7ZRVDPSOH :LOFR[RQ UDQNVXP 0DQQ
:KLWQH\WHVW1 ] S
Discussion
$ EDVLF DVVXPSWLRQ RI WKH H[SHULPHQWV LQ WKLV
VWXG\ ZDV WKDW D IHPDOH¶V ZLOOLQJQHVV WR DFFHSW D
SODQW IRU RYLSRVLWLRQ VKRXOG QRW EH DIIHFWHG E\
FRQVSHFLILF HJJV DOUHDG\ RQ WKH SODQW :KHQ WKLV
DVVXPSWLRQ ZDV WHVWHG QR GLIIHUHQFH ZDV IRXQG LQ
ZLOOLQJQHVV WR RYLSRVLW RQ SODQWV ZLWK DQG ZLWKRXW
HJJV 7KLV ZDV QRW VXUSULVLQJ DV IHPDOHV RI P.
c-album W\SLFDOO\ OD\ WKHLU HJJV VLQJO\ RFFXU LQ
UHODWLYHO\ ORZ GHQVLWLHV DQG XVH KRVWV WKDW DUH
HLWKHU ODUJH PRVW KRVWV DUH WUHHV RU VKUXEV RU
RIWHQ JURZ LQ ODUJH VWDQGV VXFK DV U. dioica).
+HQFH LQ WKH ILHOG D IHPDOH LV QRW OLNHO\ WR
HQFRXQWHU PDQ\ SODQWV ZLWK HJJV DOUHDG\ SUHVHQW
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH DQG WKHUH VKRXOG QRW EH DQ\ VHOHFWLRQ IRU DYRLGLQJ
HJJVGXULQJRYLSRVLWLRQ
7KH PDLQ H[SHULPHQWV ZHUH GLYLGHG LQWR D
ODERUDWRU\ WULDO LQ VPDOO RYLSRVLWLRQ FDJHV DQG DQ
RXWGRRU WULDO LQ ODUJH H[SHULPHQWDO DUHQDV WKDW
UHTXLUHG WKH IHPDOH WR VHDUFK IRU KRVW SODQWV
XQGHU PRUH FKDOOHQJLQJ FRQGLWLRQV )ROORZLQJ
SUHGLFWLRQV IHPDOHV LQ WKH VPDOO FDJH WULDO GLG QRW
VKRZ DQ LQFUHDVHG HJJ RXWSXW LQ WKH WZRKRVW
WUHDWPHQW FRPSDUHG ZLWK WKH RQHKRVW WUHDWPHQW
)LJ  $V WKH VHDUFK SKDVH ZDV UHGXFHG LQ WKHVH
WULDOV WKH GHSRVLWLRQ RI HJJV ZDV PDLQO\ D UHVXOW
RI GHFLVLRQV WR ODQG RQ D SODQW DQG WR DFFHSW LW IRU
RYLSRVLWLRQ IROORZLQJ ODQGLQJ &RQVHTXHQWO\ WKH\
ZHUH SUREDEO\ DEOH WR UHDFK WKHLU SK\VLRORJLFDO
OLPLW RI HJJ RXWSXW LQ ERWK VPDOOFDJH WUHDWPHQWV
,I WKH WRWDO QXPEHU RI HJJV ODLG UHPDLQHG FRQVWDQW
LQ WKHVH WUHDWPHQWV DQG WKH IHPDOHV XVHG ERWK
KRVWV IRU RYLSRVLWLRQ D ORJLFDO FRQVHTXHQFH LV WKDW
WKH\ PXVW KDYH ODLG IHZHU HJJV RQ WKH IDYRUHG KRVW
ZKHQ D OHVV IDYRUHG KRVW ZDV DOVR SUHVHQW LQ WKH
FDJH 7KLV LV DFWXDOO\ D ELW SX]]OLQJ DV LW ZRXOG
VHHP WR PDNH PRUH VHQVH WR DOZD\V XVH WKH EHVW
DYDLODEOH KRVW IRU RYLSRVLWLRQ $V HJJV DOUHDG\ RQ
WKH SODQW GR QRW DIIHFW RYLSRVLWLRQ GHFLVLRQV ZK\
DUH IHPDOHV FRQVLVWHQWO\ OD\LQJ HJJV RQ
ORZHUTXDOLW\ SODQWV ZKHQ D EHWWHU SODQW LV
SUHVHQW" &OHDUO\ WKH VLWXDWLRQ LQ WKHVH FDJHV GRHV
QRW DGHTXDWHO\ UHIOHFW WKH QDWXUDO VLWXDWLRQ RI DQ
RYLSRVLWLQJ IHPDOH DQG WKH PRVW IXQGDPHQWDO
DVSHFW WKDW LV PLVVLQJ LV WKDW VKH GRHV QRW KDYH WR
VHDUFK IRU SODQWV ,I ILQGLQJ SODQWV LV GLIILFXOW LW
ZRXOG PDNH VHQVH WR DFFHSW ORZHUUDQNHG SODQWV
WR VRPH GHJUHH XSRQ HQFRXQWHU :H KDYH
SUHYLRXVO\ VXJJHVWHG WKDW DFFHSWLQJ D SODQW IRU
RYLSRVLWLRQ LV SUREDEO\ QRW DQ DOORUQRQH
UHVSRQVH EXW UDWKHU WKDW SODQWV KDYH DVVRFLDWHG
SUREDELOLWLHV RI DFFHSWDQFH WKDW LV GHSHQGHQW RQ
SUHIHUHQFH UDQN -DQ] HW DO  +HQFH DQ
DGDSWLYH UHVSRQVH WR HQFRXQWHULQJ D ORZHUTXDOLW\
KRVW ZRXOG EH WR DFFHSW LW IRU RYLSRVLWLRQ DOEHLW
ZLWK D ORZHU SUREDELOLW\ RI DFFHSWDQFH ZKLFK
ZRXOG OHDG WR D SDWWHUQ RI HJJ GHSRVLWLRQ VLPLODU
WRZKDWZDVIRXQGLQWKHVPDOOFDJHH[SHULPHQW
,Q WKH PRUH FRPSOH[ RXWGRRU H[SHULPHQWDO DUHQD
ZKHUH IHPDOHV GLG KDYH WR VHDUFK IRU SODQWV WR
RYLSRVLW RQ WKH UHVXOW ZDV GLIIHUHQW ,Q WKLV
H[SHULPHQW WRWDO HJJ RXWSXW ZDV VLJQLILFDQWO\
ORZHU WKDQ LQ WKH VPDOO FDJHV LQGLFDWLQJ WKDW WKH\
GLG QRW UHDFK WKHLU SK\VLRORJLFDO OLPLW RI GDLO\ HJJ
RXWSXW +HUH DGGLQJ D ORZHUUDQNHG SODQW WR WKH
DUHQD UHVXOWHG LQ DQ LQFUHDVHG HJJ GHSRVLWLRQ DQG
DKLJKHU OLNHOLKRRG RI VXFFHHGLQJ LQ ILQGLQJ D
SODQW WR RYLSRVLW RQ GXULQJ WKH WLPH RI WKH WULDO
)LJXUH  +HQFH WKHUH ZDV D SRVLWLYH HIIHFW RQ
RYLSRVLWLRQ ZKHWKHU LW ZDV DVVXPHG WKDW D IHPDOH
FDQ RU FDQQRW UHPHPEHU WKH SRVLWLRQ RI D IRXQG
KRVW SODQW LQ WKH H[SHULPHQWDO DUHQD ,I ILQGLQJ D
SUHIHUUHG KRVW LV GLIILFXOW DGGLQJ DQ H[WUD KRVW
VSHFLHV PHDQV PRUH WDUJHWV IRU RYLSRVLWLRQ DQG
FRQVHTXHQWO\ DQ LQFUHDVHG OLNHOLKRRG RI ILQGLQJ
DFFHSWDEOH KRVWV ,W DSSHDUV WKDW WKLV FRXOG
SRWHQWLDOO\ IDYRU WKH LQFOXVLRQ RI DQ DGGLWLRQDO
KRVW VSHFLHV LQWR WKH UHSHUWRLUH +RZHYHU WKH QHW
HIIHFW ZLOO GHSHQG RQ D UDQJH RI HFRORJLFDO DV ZHOO
DV OLIHKLVWRU\ IDFWRUV VXFK DV VHDUFK HIILFLHQF\
WLPH DYDLODEOH IRU RYLSRVLWLRQ UHODWLYH DEXQGDQFH
RI WKH SODQWV LQYROYHG DQG WKHLU GLIIHUHQW HIIHFWV
RQ ODUYDO SHUIRUPDQFH ,QFOXVLRQ RI DQ DGGLWLRQDO
KRVW ZLOO EH IDYRUDEOH ZKHQ WKH PRVW DFFHSWDEOH
KRVW LV UDUH ZKHQ ILQGLQJ D KRVW LV GLIILFXOW DQG
ZKHQ WKH LQFUHDVHG RXWSXW RI HJJV RXWZHLJKV WKH
ORVV LQ ILWQHVV FDXVHG E\ OD\LQJ HJJV RQ D
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